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Abstract: Policy makers and tourism developers must understand visitors’ mobility behavior and
how they consume space and tourism resources in order to set up sustainable cultural tourism
destinations. With this in mind, it should also be pointed out that the mobility patterns of tourists
in urban destinations are mainly located in the city center (spatial centrality), the analysis of which
enables us to define “how central” the resources (museums, monuments, etc.) are and what the
interactions between them are. Comprehending which factors influence visitors’ urban mobility
behavior is key to understanding tourists’ consumption of space and their connections with the
tourism assets of the city. Furthermore, when tourists visit a destination, they make a mental
representation of the destination, constructing a mental map of it. Thus, tourists consume not only
spaces but also the image of a city/destination. Moreover, the latter influences the former. The quality
of surrounding architecture and urbanism plays a crucial role in enhancing the experiential value
of a destination and influencing space consumption preferences. Clearly, visitors are more likely
to use/consume environments that are easily navigated and mentally legible. In order to explore
these patterns, a real experiment was performed based on visitor behavior in the city of Bilbao.
In addition, the central places of Bilbao were determined and an analysis of the spatial interaction
between cultural sites was performed, making use of a new methodology based on GPS technologies,
network analysis, and surveys. This methodology is the main contribution of this work. The results
suggest that (1) easy mobility (walkability, accessibility, different transport modes) of the visited
space facilitates the tourist experience; (2) simple and eligible mental maps of the city that are easily
perceived by visitors facilitate the rapid consumption of the tourist destination; and (3) the centrality
of the tourism resources affects the mobility of visitors and the consumption of the destination. Thus,
by understanding how tourist mobility works in a destination and analyzing tourism resources’
centrality, policy makers may better tailor sustainable strategies for cultural tourism destinations.
Keywords: sustainable tourism; urban tourism; spatial centrality; urban mobility; mental maps;
network analysis; Guggenheim Museum Bilbao; GPS tracking
1. Introduction
One of the main challenges in the field of urban tourism research is to understand what factors
lead to more sustainable tourism, sustainability in terms of durability of the tourism activity and
in terms of economic profitability. Thereby, the purpose of this research is to meet this challenge
by analyzing the following factors: the spatial centrality of tourism resources, urban mobility, and
the spatial perception of tourists. These factors were selected because they are key factors for the
success and sustainability of a destination as they exert influence on the consumption of space by
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tourists and their mobility, and this in turn influences the economic activity in the city [1]. In addition,
the analysis of tourism in urban (or regional) space emphasizes the importance of spatial centrality
and agglomeration economies.
Considering the quantitative importance of urban tourism, very little attention has been given to
questions concerning how tourists actually use cities [2] and which factors influence their behavior.
Following the experiments performed in this study, we argue that people are more likely to use
environments that are easily navigated and mentally legible, as observed by Kevin Lynch in 1960 [3].
That is, mental maps of cities that are easily perceived by visitors facilitate the rapid consumption
of space.
The structure of the paper is as follows. Section 2 presents the literature review, the conceptual
basis for analyzing the relationship between centrality and urban mobility. Section 3 briefly describes
the case study. The city of Bilbao was selected as the case study, since Bilbao is an example of how an
iconic architectural and urban design can be used as a means of urban regeneration and urban tourism
development. Thus, Bilbao is a suitable subject for the analysis of cultural tourism.
In Section 4, the main contribution of this paper—the methodology—is presented.
This methodology is based on the use of GPS technologies, network analysis, and surveys in order to
determine the central places of Bilbao and analyze the spatial interaction between cultural sites.
Finally, Section 5 is devoted to presenting the results and discussing the main findings, followed
by a conclusion and possible future research.
2. Conceptual Basis for Analyzing the Relationship between Centrality, Urban Mobility,
and Tourism Sustainability
The main two concepts addressed throughout this paper are centrality and urban mobility, both
of which influence on the sustainability of tourism resources. On the one hand, centrality can have
different meanings and, in fact, it is used in three different ways throughout this paper: (1) central
spaces (intraurban) or spatial centrality; (2) agglomeration of cultural resources; and (3) centrality in a
network—that is, a centrality measure of nodes and connections.
Urban mobility, on the other hand, refers, in this paper, to the mobility of tourists. This mobility
is influenced by the image (spatial perception) tourists have about the destination [4]. In order to
measure tourists’ mobility, the Global Positioning System (GPS) has been made use of. What follows
now is the literature review of these concepts.
2.1. Centrality: Agglomeration Economies, Networks, and the New Economic Geography
Centrality is a multifaceted concept, which requires a multidimensional approach, from
Agglomeration Economies, to New Economic Geography, passing through Network Theory.
The concept of agglomeration economies goes back to Alfred Marshall [5,6], who used the concept
to describe the fact that successful industrial production was often concentrated in space. In this paper,
instead of the concentration of industries, the agglomeration is related to the concentration of tourism
and cultural resources. This concept is also connected to a certain extent with Central Place Theory
(CPT), in which a central place is any location that offers a service or a product to its surrounding
market region [7–9]. In urban economics, economies of agglomeration are the benefits that firms obtain
by locating in proximity to each other (“agglomerating”). This concept relates to the idea of economies
of scale, economies of scope and network effects.
Within this view, New Economic Geography provides an integrated and micro-founded modeling
approach to spatial economics [10]. Krugman [11] and Fujita and Mori [12] modeled the interaction
between geographical centrality as the first advantage for urban agglomeration economies, using a
spatial equilibrium framework. They consider that Geographical Centrality creates an advantageous
effect for a location, generating a local peak of market potential around this central location. In addition,
agglomeration is also related to the notion of attractiveness. Thus, higher concentration implies higher
accessibility and power of attraction, and therefore higher centrality. In fact, many authors argue
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that the attractiveness of localities is one of the most powerful factors for the organization of tourist
networks (See the revision made by Urtasun and Gutiérrez [13]).
Several studies have addressed the role of agglomeration in the evolution of tourist
activities [14–17]. The spatial centrality of tourism resources is a major factor of agglomeration
as tourists move and consume mainly within the city center. Centrality refers to the centrality in
space (city center) and concentration of services (historic and cultural values, artistic and architectural
pieces, transport, restaurants, shops, etc.). Accessibility and centrality will determine the success and
sustainability of an urban destination, whereas more peripheral locations will incur much higher
transaction costs due to (among other factors) higher transportation costs, higher search costs, fewer
specialized inputs in production, and fewer specialized local consumer goods [18]. The sources of
agglomeration economies include, among others, information economies, density of transportation
networks, shared infrastructure, lower accessibility costs, and lower search costs [13,19]. These concepts
of agglomeration and transaction cost are quite complex and they cannot be applied directly to
tourism, because, for tourists, there are also other important factors, such as their experience at the
tourist destination.
In the literature of Network Analysis, the concept of centrality can have a different meaning [20].
In this case, the centrality concept is more related to network features, such as the number of
connections, closeness of connections, influence power of a node, and so on. Freeman [21], in 1979,
expounded an argument concerning actor centrality and network centrality. In his essay, the concepts
of point and graph centrality in social networks were reviewed, examining measures of centrality,
both of points and of entire networks. Wasserman and Faust [22] were among the first to provide a
comprehensive coverage of the methodology and applications related to social network analysis.
Network analysis is a useful tool for measuring transaction costs, although it has rarely been
applied in the field of tourism. However, there are interesting applications, such as the case of
Lee et al. [23] and Shih [24]. The first study identifies and classifies villages/towns according to their
spatial centralities and their tourism resources, so as to achieve an integrated tourism management.
They develop a spatial tourism interaction model for estimation of the weight of the links in the spatial
network. Conversely, the second work presents a quantitative method for investigating the network
characteristics of drive tourism destinations. This work shows that network analysis is useful for
tourism planning: in order to decide where to locate new facilities, what type of facilities to locate, and
what kind of themed touring routes to promote. It is also useful for tourism organizations that seek to
design successful multi-destination products.
2.2. Urban Mobility
In this subsection, we address the concepts closely related to urban mobility, such as tourist
tracking (GPS) and tourists’ spatial perception. With regard to GPS tracking, it is worth mentioning
that it was not until May 2000 that the system became available to individuals and for commercial
applications across the globe. During the late nineties, the first studies appeared using GPS technology,
such as: Quiroga and Bullock [25], who made a travel time study integrating GPS and geographic
information system (GIS) technologies. Additionally, Murakami and Wagner [26] analyzed how GPS
technology improved upon trip reporting methods.
Thereafter, several researchers have used GPS to track tourists within an urban destination,
analyzing their mobility patterns [27,28]. For instance, Lew and McKercher [29] analyzed urban visitor
movements, identifying explanatory factors that could influence the intradestination mobility patterns
of tourists (time, budget, personal motivations, interests, travel group composition, and knowledge
of the destination) and modeling the range of resulting itinerary patterns. McKercher et al. [30]
and Kemperman and Joh [31] study movements differentiating between first time visitors and
repeat visitors, finding behavior differences specifically with respect to the order of activities chosen.
Shoval et al. [32] examined the impact of hotel location on tourist movements, and this study further
illustrates the impact of geomorphic barriers on tourist movements. While it is recognized that tourism
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is a spatially-selective activity, this study illustrates that spatial selectivity is driven largely by hotel
location. Wolf et al. [33] used GPS tracking data to differentiate usage levels in tourist sites, in order to
acquire an assessment of tourism-related impacts in natural areas.
Alternatively, in sectors like tourism, it is also necessary to measure intangible factors that shape
visitor behavior, such as the tourists’ perception of the city. As proposed by Lynch [3], the tourists’
perception of the city—their mental map—is based on five main elements: Paths which represent
lines of movements, such as streets; edges which serve as barriers to movement (transition zones,
rivers, waterfronts, etc.); districts which are distinctive city areas; nodes which are strategic meeting
points where people may pause or meet up (train stations, etc.); and landmarks which are singular
objects where people cannot enter. Lynch noted: “Districts are structured with nodes, defined by edges,
penetrated by paths, and sprinkled with landmarks” [3].
Lynch’s work, it should be said, has had a major impact to date and many authors have studied the
concept of mental maps related to the five aforementioned elements. For instance, Golledge [34] argues
that short-term visitors may learn landmarks first, then link paths to landmarks, and then to districts.
The identification of such elements is important because of their implications for environmental
design, wayfinding, and general behavior—notably in relation to the movement of people in particular
environments [35]. There is certainly a considerable amount of information contained within the
mental map of a city, on how people perceive space, use space, and ultimately how people create their
own space. Urban space morphology and urban design are gradually becoming significant parameters
or resources in urban tourism development [36–38]. Urban mobility is mainly determined by the urban
morphology, transport network, and tourist behavior.
2.3. Tourism Sustainability
Tourism sustainability is a complex concept because of its multidimensional nature [39]. In the
literature there are many definitions of tourism sustainability, with one of the most consensual
definition being given by the World Tourism Organization [40], describing a tourism which meets the
needs of tourists and the host destination, managing all resources in such a way that economic, social,
and aesthetic needs can be fulfilled. As mentioned before, this study covers the economic nature of
sustainability, in terms of the durability of the tourism activity and in terms of economic profitability.
Regarding the case of museums and their economic potential, more and more cities in both the
U.S. and Europe are creating sustainable development strategies, strategies for the sustainability of
museums, in which the main influencing factors are the size of the museum, the museum’s type, and
management and marketing strategies [41]. For other authors [1,42,43], the sustainability of these
strategies also depends on the uniqueness of the building, the quality of the exhibitions, its visibility in
the media, and the city’s transportation connectivity.
Other researches have analyzed the relationship between urban mobility and sustainability [44],
spatial perception and mobility [45], and the influence of the centrality of tourism resources [1].
All these factors have been addressed in this work as factors which impact sustainability.
3. Case Study: The Guggenheim Museum and the City of Bilbao
In order to address the questions mentioned above, the city of Bilbao was selected as the case
study, since Bilbao is an example of how an iconic architectural and urban design (Frank Gehry’s
masterpiece) can be used as a means of urban regeneration and urban tourism development [36].
Bilbao has gained fame with the Guggenheim Museum and, therefore, it may be seen as a suitable case
study in which to analyze the spatial perception of a destination and its relation to the movements of
visitors. The museum attracts an average of 1,000,000 visitors a year, possibly a world record for any
third or fourth-tier city [46].
However, how important is the urban space itself for achieving sustainable cultural destinations?
Are tourist mobility patterns key for designing sustainable tourism destinations? In order to provide
an answer to these questions, a new methodology has been developed, and it is discussed below.
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4. Methods
The methodology followed in this research was based on three main steps: firstly, an interview was
carried out in order to discover the main sociodemographic data from tourists and their travel purpose.
Secondly, the tourists’ movements were collected by means of GPS tracking devices, obtaining high
resolution data. Thirdly, the tracking data analysis was performed, detecting the tourism resources
visited, developing a spatial network of these resources and applying a statistical analysis to the
network. Each of these steps is explained more thoroughly below.
This study was part of a regional survey on tourist movement. The process of sample gathering
was conducted by professional pollsters, who approach visitors staying at hotels. The pollsters
approached the visitors in the morning, and filled in a questionnaire with the visitors’ characteristics.
A GPS device was given to tourists and they carried it with them for the rest of the day. The tracking
device was programmed to record their geographical position every two minutes. Once the visitors
went back to the hotel, they gave the device back to the reception desk staff. Participants in this study
received a gift as a token of gratitude for their collaboration. The hotels were medium-high category
and they were selected semi-randomly, provided they were available for this kind of experiment.
The duration of the research covered the most important months for cultural tourism—the summer
of 2011, July, August, and September. As a result, for the purpose of this study, a valid sample of
51 tracking data was analyzed.
The tracking data base was linked with the open access Points of Interest (POI) data base, the
Open Data Euskadi [47]. This data base provided a detailed description of tourism resources such as
museums, monuments, etc., including geographical coordinates. With regard to movement processing,
first a data filtering was carried out. This removed erroneous track points and rendered the tracking of
each visitor comparable. Then, each GPS log was divided into visits to cultural POIs. To this end, the
stop points were identified, and if the visitor spent more than 10 min within the area of influence of
the POI, it was understood that the visitor was visiting the POI. To define the area of influence of the
POI, the category of the POI was taken into account. To establish stop points, the loss of signal was
taken into account, as this usually occurred when people entered a building. After these pre-processed
tasks, the visit duration was calculated.
Thereafter, having registered the visited POIs, a network of tourism resources was built, in order
to analyze the spatial tourism interaction. Thus, the visited POIs were represented by the nodes and a
link was drawn between two nodes, in the case that the tourist visited both of them.
Following this, the network analysis was performed. Briefly explained, a network is mainly
composed of a set of nodes and links. Nodes represent individual entities within the network and links
represent relationships between the individuals. Thus, spatial network analysis examines the structure
of relationships between spatial entities. Network analysis, which is derived from graph theory,
attempts to describe the structure of relationships between given entities and applies a quantitative
technique to produce relevant indicators and results for the study of characteristics of an entire network,
and the position of individual entities within the network structure [24].
In this study, the entities are cultural POIs of Bilbao, and the links represent the relationship
between them. It is considered that there is a relationship between two POIs if the tourists visit both of
them. Thus, the performed network is formed by 15 nodes or tourism POIs and the 20 links between
them. This network of POIs is undirected and no weight is applied.
Furthermore, in this network analysis, four centrality indices (i.e., degree, betweenness, closeness,
and eigenvector centralities) were estimated to identify the degree, accessibility, distance, and influence
on surrounding cultural POIs. As defined by Freeman in 1979 [21], degree centrality is a count of
the number of direct connections of a node. Taking into account the adjacency matrix of the graph
(network), the degree centrality of a node (or vertex) j could be calculated as: CDEG pjq “ ři aij, where
aij are the values of the adjacency matrix. Thus, aij takes the value 1 if the edge pi, jq exists and the
value 0 if it does not.
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The betweenness centrality measures the accessibility of a node, taking into account if the node is
located on the shortest path between the remaining nodes. The betweenness centrality of a node i is
given by the expression: CBET piq “ řj,k bjikbjk , where bjk is the number of shortest paths from node j to
node k, and bjik is the number of shortest paths from j to k, passing through the node i.
With regard to closeness centrality, this is a distance measurement between one node and all other
nodes. Formally, the closeness of a node i is defined as CCLO piq “ řnj“1 pSqij, where S is the matrix of
network distances; that is, the matrix whose elements pi, jq correspond to the shortest distance from
node i to node j.
Last but not least, the eigenvector centrality is a measure of the importance or influence of a node
in a network, and it is based on the idea that a node is more central if it is related to nodes that are
themselves central [48]. When calculating the eigenvector, it must be taken into account that each
connected node is differently weighted, depending on their connections. Thus, the eigenvector score
of node v can be defined as: xv “ 1λ
ř
tPMpvq xt “ 1λ
ř
tPG av,txt where M pvq is a set of the neighbors of
v, λ is a constant and A “ pav,tq is the adjacency matrix.
Another interesting index of the network is the average path length (between reachable pairs).
This is, the average number of steps along the shortest paths for all possible pairs of network nodes.
It stands for a measure of the efficiency of transport on a network. In order to calculate the centrality
measures, the network analysis software Gephi [49] was used.
5. Results and Discussion
The results obtained can be summarized in the following figures and tables. In Figure 1, all the
tracking points recorded with the GPS devices are displayed. The tracking points are recorded every
2.5 min. So, the heat map gives an idea of the consumption of the spaces. As can be seen in this heat
map, many of the hot spots are related to the locations of the museums and monuments previously
mentioned (Guggenheim, Old Town). These cultural sites are located in the city center. This supports
the suggestions by Plaza and Haarich [1], which state that cultural tourism requires a certain degree of
urban geographic centrality.
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Figure 1. Space consumption by tourists in the City Center of Bilbao. CICtourGUNE [50].
As can be seen in Figure 1, most of the tracking points are located in two districts (Old Town and
Abandoibarra), and about 80% of movements take place within these two areas. Therefore, we can say
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that urban tourists move mainly in the center of the city and therefore consume resources that are in
the center.
5.1. GPS Data Analysis
Taking into account the visited POIs detected, a descriptive analysis was carried out in order to
better understand the sample and in order to study the influence of different variables on the mobility
and the consumption of cultural resources (see Table 1). As can be seen in Table 2, according to the
sample, 54.9% of visitors visit some or other cultural site, hence making this a good case study in
which to analyze cultural tourism.
Table 1. Sample of tourists to Bilbao (1 July 2010–30 September 2010).
Analyzed Variables No. %
Age 25–39 25 49.02
ě40 26 50.98
Travelling Purpose Leisure 47 92.16
Others 4 7.84
Travelling Party Couple 31 60.78
Family & Friends 18 35.29
Alone 2 3.92
Nationality Domestic (Spain) 33 64.71
International 18 35.29
n = 51 data source: CICtourGUNE [50].
Table 2. Summary of cultural visitors.
Visits to/Visitors to Bilbao
Cultural sites 54.9%
Museums 27.4%
Monuments 43.1%
Cultural sites = Museums or monuments.
For the analysis of cultural tourism in Bilbao, the most appropriate time periods are weekends
in Summer because this is the period when Business tourism has less influence on the total tourism
activity. In Table 3, the most visited cultural sites by the visitors of the sample are listed, indicating for
each one the percentage of visitors and the mean length of visits.
Table 3. List of most visited cultural points of interest (POIs) in Bilbao.
Cultural POIs % Visitors Mean Duration of Visits (min)
Plaza Nueva 42.86 30
Museo Guggenheim Bilbao 32.14 52
Catedral de Santiago 21.43 33
Iglesia de los Santos Juanes 17.86 19
Edificio de la Hacienda Estatal 10.71 12
Palacio de John (Edificio La Bolsa) 10.71 69
Bay Sala 3.57 18
Casco Viejo-Siete Calles 3.57 29
Epelde & Mardaras 3.57 23
Museo de Bellas Artes de Bilbao 3.57 11
Teatro Arriaga 3.57 35
Windsor Kulturgintza 3.57 25
n = 51 data source: CICtourGUNE [50].
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From Table 3, it should be noted that the Guggenheim is not the only principal cultural site, but
there are other POIs in the Old Town, such as the Plaza Nueva or the Cathedral of Santiago which are
also very popular. With regard to the duration of the visits of the sample, the length of visits to the
Guggenheim museum is among the longest. There is one other site with a longer visit duration, the
“Palacio de John (Edificio La Bolsa)”, which nowadays is a social and cultural center.
After having analyzed the cultural POIs, Table 4 highlights the influence of tourists’ profiles on
the duration of visits. Visitors within the 25–39 age range appear to carry out longer visits than older
visitors. Regarding the purpose of travelling, visitors motivated by leisure made longer cultural visits
than the others. Examining the travelling party reveals that visitors who travel alone made longer
cultural visits. As far as nationality is concerned, it seems that international visitors tend to visit more
cultural sites than national ones.
Table 4. Duration of visits by some characteristics.
Analyzed Variables Mean Duration of Visits (min)
Age 25–39 38.17
ě40 25.04
Travelling Purpose Leisure 33.96
Others 20.63
Travelling Party Couple 30.77
Family & Friends 30.16
Alone 111.62
Nationality Domestic (Spain) 31.68
International 37.98
n = 51 data source: CICtourGUNE [50].
In Figure 2, the visits to the cultural resources have been summarized. This is another way to show
the time–space consumption. On this map, the most visited cultural sites from Bilbao are represented
by a circle. Note that the size of the circles is proportional to the number of visits for each cultural site,
and the length of the visits is shown by the color of the circles. As can be seen, the longest visits are
related to the Guggenheim museum and the “Palacio de John (Edificio La Bolsa)”.
Sustainability 2016, 8, 699 8 of 14 
After having analyzed the cultural POIs, Table 4 highlights the influence of tourists’ profiles on 
the duration of visits. Visitors within the 25–39 age range appear to carry out longer visits than older 
visitors. Regarding the purpose of travelling, visitors motivated by leisure made longer cultural 
visits than the others. Examining the travelling party reveals that visitors who travel alone made 
longer cultural visits. As far as nationality is concerned, it seems that international visitors tend to 
visit more cultural sites than national ones. 
Table 4. Duration of visits by some characteristics. 
Analyzed Variables Mean Duration of Visits (min) 
Age  38.17 
≥  25.04 
Travelling Purpose Leisure 33.96 
Others 20.63 
Travelling Party Couple 30.77 
Family & Friends 30.16 
Alone 111.62 
Nationality Domestic (Spain) 31.68 
International 37.98 
n = 51 data source: CICtourGUNE [50]. 
I  i re 2, the visits to the cultural resources have been summarized. This is another way to 
s ow the tim –space consumption. On this map, the most visited cultural sites from Bilbao are 
represented by a circle. Note that the size of the circles is proportional to the number of visits for 
each cultural site, and the length of the visits is sh wn by th  color of th  circles. As can be seen, th  
long st visits are related to the G gge heim museum and the “Pala i  de J hn (Edificio La Bolsa)”. 
 
Figure 2. The most visited cultural sites in Bilbao City Centre. CICtourGUNE [50]. 
5.2. POI Network Analysis 
After analyzing the consumption of space by tourists in Bilbao through the GPS tracking data 
and the detection of visited tourism resources (calculating frequency and duration of the visits), a 
network analysis was performed (Figure 3) in order to analyze the spatial centrality of the most 
visited cultural POIs and the spatial interaction between them. 
Figure 2. The most visited cultural sites in Bilbao City Centre. CICtourGUNE [50].
Sustainability 2016, 8, 699 9 of 14
5.2. POI Network Analysis
After analyzing the consumption of space by tourists in Bilbao through the GPS tracking data and
the detection of visited tourism resources (calculating frequency and duration of the visits), a network
analysis was performed (Figure 3) in order to analyze the spatial centrality of the most visited cultural
POIs and the spatial interaction between them.
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Galería Epelde & Mardaras (n5) 14.29 0.00 47.83 0.39 
Museo de Bellas Artes (n7) 14.29 0.00 40.74 0.32 
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Figure 3. Network of the most visited cultural POIs in Bilbao.
In Figure 3, note that the size of the nodes is proportional to the degree of centrality
measurement—namely, the number of direct connections of each node; the color represents the
betweenness centrality value of each node (explained later). Thus, regarding the depicted network it
can be said that the most central places of Bilbao are those situated in the Old Town (“Plaza Nueva”,
“Iglesia Santos Juanes”, and “Catedral de Santiago”), the “Edificio de Hacienda” which is situated in
the main high street of Bilbao, and the “Guggenheim Museum”, whose power of attraction situates it
in a central place despite being one of the most distant locations from the most visited POIs.
The spatial centrality indices calculated are the following:
As far as degree of centrality is concerned, Plaza Nueva has the highest nDegree (57.14 over 100).
This means that 57% of the visitors who visit “Plaza Nueva” visit the remaining 57% of the POIs as
well. Any nDegree greater than 20 becomes an interesting POI, such as n12, n6, n3, n4, n10 and n11 in
Table 5.
Looking at the betweenness measure, Plaza Nueva has the highest nBetweenness (29.12 over 100).
This means that 29% of the visitors (who take the shortest path-length) pass through the “Plaza Nueva”
at some point. Any nBetweenness bigger than 0 becomes an interesting POI, such as n12, n6, n4, n3,
n10, because all these nodes lie on the shortest path “between” two other nodes. In a way this is
measuring the “accessibility” of the nodes within the routes.
With regard to the closeness centrality, this includes not only the direct links of a node, but in fact
all the indirect links to all other nodes in the network. Not surprisingly, the nodes have quite a similar
nCloseness, which makes sense considering that the center of Bilbao is not a large territory, in which
times even for walking distances are short.
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Table 5. Properties of the network of cultural interest points of Bilbao.
POI nDegree nBetweenness nCloseness Eigenvector
Plaza Nueva (n12) 57.14 29.12 78.57 1.00
Iglesia de los Santos Juanes (n6) 50.00 14.83 73.33 0.99
Edificio de Hacienda (n4) 28.57 10.99 57.89 0.60
Catedral de Santiago (n3) 35.71 7.69 61.11 0.75
Museo Guggenheim (n10) 28.57 4.39 57.89 0.68
Bay Sala (n1) 14.29 0.00 50.00 0.44
Casco Viejo (n2) 0.00 0.00 0.00 0.00
Galería Epelde & Mardaras (n5) 14.29 0.00 47.83 0.39
Museo de Bellas Artes (n7) 14.29 0.00 40.74 0.32
Museo del Pescador (n8) 7.14 0.00 37.93 0.13
Museo Euskal Herria (n9) 0.00 0.00 0.00 0.00
Edificio La Bolsa (n11) 21.43 0.00 55.00 0.58
Teatro Arriaga (n13) 0.00 0.00 0.00 0.00
Torre Salazar (n14) 7.14 0.00 45.83 0.22
Windsor Kulturgintza (n15) 7.14 0.00 45.83 0.22
Taking into account the main research goal, the two main indices with which to measure the
centrality of tourism resources are the average path length and the eigenvector value. On the one hand,
the average path length shows how compact the network is and what the average number of nodes is
to connect any pair of nodes. In this case, the average path length = 1.92. This means that the tourism
resources are concentrated in a small area, and more specifically in the city center. This may also reflect
the high walkability of the consumed spaces, implying that the destination is easily navigated and
mentally legible.
The eigenvector reflects the importance of relationships or connections and it is indicative of
the influence of the node. Regarding the eigenvector values, any resource with an eigenvector value
> 0.5, should be taken into account. So, according to the eigenvector values, the most influential
POIs are: “Plaza Nueva” (n12), “Catedral de Santiago” (n3), “Iglesia de los Santos Juanes” (n6), and
“Guggenheim Museum” (n10). This means, besides being the most important nodes, they are also well
interconnected. Therefore, these nodes must be considered as the central places of Bilbao. Taking into
account all the centrality indices together, the case of “Edificio de Hacienda” (n4) stands out. Although
n4 has a higher betweenness centrality value than n3 and n10, its eigenvector value is lower than
n3 and n10. From this it can be concluded that the POIs around n4 are less known and less visited.
Another case worthy of mention is the “Museo de Bellas Artes” (n7). Even though n7 is relatively close
to the Guggenheim Museum, it has one of the lowest closeness centrality values among all the POIs.
5.3. Mental Maps: The Spatial Perception of the Tourists
Returning to Lynch’s theory of tourist’s perception of the city from the literature review section,
in Figure 4 the main Lynch elements of Bilbao are drawn. These have been selected on the basis of the
highest frequency of visits. The main elements identified are the following:
‚ Landmarks: Sagrado Corazón, Plaza Circular, Iberdrola tower (the tower was under construction
when the tracking took place)
‚ Nodes: Guggenheim Museum, Arriaga Theatre
‚ Edges: The river
‚ Districts: Old Town, Abandoibarra
‚ Paths: Gran Via, Riverside
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The image of the city space perceived from these elements is relatively simple, and it can be
represented with a simple shape (“D-shaped”). This implies that Bilba as a tour st destinat on has a
simple legib lity. Fu thermor , examining the touri t maps supplied by the Bilbao tourist offices reveals
that abou 60% of POIs marked the map elong to the two main areas analyzed: the Old Town
and Abandoibarra. Thus, the visitors integrate the spatial element of the city and he information of
the city that they c sume, and each visitor genera es their own mental map of the city. To extract a
general mental m p is not easy, but it can be said (as has been seen in Figures 1 and 3) that he mobility
of the tourists is clo e y as ociated with these spatial elements and with the consumed information,
so mobility is somehow rel ted with the mental map of the visitors.
6. Conclusions
This research has revealed the importance of understanding visitors’ mobility and their
spatial perception, in order to develop and manage sustainable cultural tourism in urban areas.
Tourist movements recorded by smartphone GPS enabled the analysis of city space consumption.
Moreover, this analysis highlights how visitors perceive the city. As can be seen in the results, the
destination consumption is strongly influenced by the centrality of tourism resources. The results also
suggest that tourists’ spatial perception affects the mobility of visitors and the consumption of the
destination, but causality is not proven in this work and requires further research.
The results suggest that:
First, economic sustainability of urban tourism destinations depends on the centrality of the
tourism resources, which determines the mobility patterns of visitors and their consumption of
the destination. The consumers who make up the cultural tourism market are often well-educated
individuals, and their time has a high opportunity cost. Thus, cultural tourists are highly selective
with regard to their cultural destinations [51], and also highly selective of their consumption of time
and space. Thus, due to the high opportunity cost of travel, cultural tourists consume places and
experiences intensively, in short windows of time. They often condense their trips into short weekends.
As such, the spatial layout and accessibility of sites play important roles in attracting their visits.
Cultural sites must be easily accessible, located within 30–45 min walking distance from any important
point of the city center [1].
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Second, simple and eligible mental maps of the city that are easily perceived by visitors facilitate
the rapid consumption of the tourist destination. It is worth noting that the mental map of Bilbao is
relatively simple. This implies that consumption is relatively fast and tourists’ stay in the city tends
to be brief. Therefore, in order to extend the stay of visitors in destinations it is necessary for the
destination to offer events and/or activities. There are studies measuring the impact of events that
support this idea. Some examples of successful events could be the Oktoberfest in Munich, the Biennale
of Venice, the BBKLive festival in Bilbao, or Copenhagen’s Fashion Week.
Third, centrality and urban mobility directly impact the environmental sustainability of cultural
tourism. The centrality of tourism resources reduces the transportation costs because of the closeness
of resources. This source of agglomeration economies includes lower accessibility costs, shared
infrastructure, and higher density of transportation networks.
Fourth, methodologically speaking both GPS tracking and Network Analysis methods generate
the exact same results. In other words, the GPS outcomes match the Network Analysis outcomes
regardless of quantitative differences in calculation procedures, although the network analysis provides
further information on the spatial interaction between POIs and the spatial perception of the tourists.
Finally, the agenda for future research requires the repetition of this experiment with different
cities, in order to more accurately determine the influence of mental maps on tourist behavior.
Future studies may also enable us to shed light on the factors that determine these mental maps,
in order to foster the growth of tourism. This may also help us to see whether or not mobility patterns
could be improved, and whether all the above aspects are critical for achieving a sustainable and
effective tourism destination.
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